Broca's region, which in the language-dominant hemisphere of the human brain plays a major role in language production, includes two distinct cytoarchitectonic areas: 44 and 45. The unique connectivity patterns of these two areas have not been well established. In a resting-state functional connectivity study, we tested predictions about these areas from invasive tract-tracing studies of the connectivity of their homologs in the macaque monkey. We demonstrated their distinct connectivity profiles as well as their differences from the caudally adjacent ventral parts of the premotor cortex and the primary motor cortical region that represent the orofacial musculature. Area 45 is strongly connected with the superior temporal sulcus and the cortex on the adjacent superior and middle temporal gyri. In the parietal region, area 45 is connected with the angular gyrus, whereas area 44 is connected with the supramarginal gyrus. The primary motor cortical region in the caudal precentral gyrus is not connected with the posterior parietal region, which lies outside the confines of the postcentral gyrus, whereas the ventrorostral premotor cortical area 6VR, in the most anterior part of the precentral gyrus, has strong connections with the rostral supramarginal gyrus. Thus, area 44, which has stronger connections to the posterior supramarginal gyrus, can be distinguished from both the adjacent area 6VR and area 45. These findings provide a major improvement in understanding the connectivity of the areas in the ventrolateral frontal region that are involved in language production.
Introduction
The traditional view has been that Broca's region, the anterior language region of the human brain composed of the distinct cytoarchitectonic areas 44 and 45, is primarily connected with the posterior part of the superior temporal gyrus (Geschwind, 1970) . The recent discovery of the cytoarchitectonic homologs of areas 44 and 45 in the macaque monkey (Petrides and Pandya, 1994, 2002; Petrides et al., 2005) made it possible to examine their precise anatomical connectivity using invasive tract tracers (Petrides and Pandya, 2009) . The macaque monkey studies demonstrated highly distinct connectivity profiles for areas 44 and 45, as well as the adjacent ventrorostral premotor area 6VR that occupies the most anterior part of the precentral gyrus, with the different areas of the inferior parietal and lateral temporal cortex ( Fig. 1) , suggesting that this may also be the case for the human brain.
The relevance of the macaque research has been supported by tractography studies of the human brain with diffusion magnetic resonance imaging (MRI), which have also provided evidence for axonal connections between the inferior parietal and lateral temporal regions and the ventrolateral frontal region (Catani et al., 2005; Croxson et al., 2005; Anwander et al., 2007; Frey et al., 2008; Morgan et al., 2009 ). However, the specific areas of origin of axonal connections in the enormous expanse of cortex that are the parietal and temporal lobes and their termination points in ventrolateral areas 44 and 45 (Broca's region), the premotor area 6VR, and the primary motor area 4 cannot be unambiguously established using diffusion MRI-based approaches (JohansenBerg and Behrens, 2006; Jones, 2008; Roebroeck et al., 2008) .
A resting-state functional connectivity analysis in humans provided preliminary evidence that the connectivity profiles of these different areas of the ventrolateral frontal region are similar to those established in the macaque monkey (Kelly et al., 2010) . However, the distinctions between the connectivity profiles of areas 44 and 45 within the parietal and temporal regions, clearly established in the monkey, were difficult to discern in that grouplevel analysis. It is important to note that, although area 44 is located primarily on the pars opercularis and area 45 on the pars triangularis of the inferior frontal gyrus, the considerable variability in the morphology of these two parts of the inferior frontal gyrus across individual brains makes it difficult to establish unambiguously their connectivity at the group level.
The aim of the present resting-state functional connectivity study in the human brain was to increase anatomical precision in characterizing the cortical connectivity patterns of these ventrolateral frontal areas by focusing on surface-based individual-level analysis. Instead of attempting to establish the boundaries between the areas of interest, namely areas 6VR, 44, and 45, and to label all their voxels, we placed a single seed region in the estimated center of each area, as well as in the primary motor cortical area 4. We used 1 h of resting-state functional MRI (fMRI) data acquired across four scanning sessions from a small group of individuals (n ϭ 6) to improve the anatomical specificity of the individual-level connectivity analyses.
Materials and Methods
Although the areas investigated here each have characteristic topographical landmarks, there is considerable anatomical variation in those landmarks across individual brains. Because areas 44 and 45 lie next to each other, traditional group-level analyses inevitably include a large proportion of misclassified voxels that limit the specificity of the connectivity results. We thus conducted individual-level functional connectivity analyses on a small number of individual datasets. These were of individuals who had undergone multiple resting-state fMRI scans to increase significantly the signal-to-noise ratio. Although it would also have been possible to acquire a single scan of composite length, the separate scan sessions help to minimize motion artifacts that would be attributable to excessively long scans. In addition, to avoid cross-sulcal signal contamination, functional data were not spatially smoothed in the volumetric space but only along the cortical surface. It was expected that such an approach might result in a more precise unveiling of the distinct connectivity signatures that may be partly masked by the problems inherent in group-level studies. Only after determining the individual-level networks from each seed region was a group-level analysis conducted, thus avoiding problems of the results being influenced by anatomical variability in the initial seed location.
Data acquisition. fMRI data were acquired from six healthy, right-handed (as assessed using the Edinburgh Handedness Inventory; Oldfield, 1971) adult participants (25.3 Ϯ 3.9 years old; three females and three males) who gave informed consent. All protocols were approved by the local ethics board of the Max Planck Institute for Human Cognitive and Brain Sciences in Leipzig, Germany. Restingstate fMRI data were published previously by Taubert et al. (2011) .
Four datasets were acquired at 2 week intervals on a Siemens Magnetom Tim Trio 3 Tesla scanner equipped with a 32-channel head coil. The resting-state fMRI data were acquired with the following parameters while the participants were asked to fixate on a crosshair and remain still: 400 whole-brain volumes; acquisition matrix, 64 ϫ 64; slice thickness, 3 mm (1 mm gap); voxel dimensions, 3 ϫ 3 ϫ 4 mm; 34 slices; TR, 2300 ms; TE, 30 ms; flip angle, 90°; bandwidth, 1825 Hz; interleaved ascending slice acquisition order. The acquisition time for each resting-state scan was 15.3 min. In addition, four T1-weighted anatomical MPRAGE scans were acquired for each individual at 2 week intervals during the same scanning session with the following parameters: TR, 1300 s; TE, 3.46 ms; flip angle, 10°; FOV, 256 ϫ 240 mm; 176 sagittal slices; voxel size, 1 ϫ 1 ϫ 1.5 mm.
Preprocessing. Preprocessing of the functional data in the volume space was conducted using a pipeline (scripts available at https:// github.com/NeuroanatomyAndConnectivity/ vlpfc_preprocessing_scripts) including commands from AFNI (for Automated Functional Neuro-Imaging; afni.nimh.nih.gov), FSL (for FMRIB Software Library; www.fmrib.ox.ac.uk/fsl/), and FreeSurfer (https:// surfer.nmr.mgh.harvard.edu). The pipeline consisted of the following main preprocessing steps: (1) dropping of first four volumes (3dcalc); (2) slicetiming correction for interleaved ascending slice acquisition (3dTshift); (3) motion correction (3dvolreg); (4) skull stripping (3dAutomask); (5) bandpass filtering between 0.01 and 0.1Hz (3dFourier); and (6) linear and quadratic detrending (3dDetrend). Importantly, to avoid cross-sulcal signal contamination, functional data were not spatially smoothed in the volumetric space.
All four MPRAGE anatomical scans were processed together using the standard FreeSurfer cortical surface extraction pipeline (recon-all ). Functional and anatomical data were then coregistered (bbregister). The anatomical segmentation from the FreeSurfer output was used to create regions of interest (ROIs) for the ventricles (CSF) and white matter. The average time series from these ROIs and the six motion parameters were then included in a general linear model to extract variance attributable to non-neuronal signal (using film_gls from FSL). The resulting residuals were then prepared for additional surface-based analyses.
The AFNI command 3dVol2Surf was used to extract the residuals of the functional data onto the left and right cortical surfaces by taking the average value at each node from 15 divisions between the pial and gray/white matter boundary. Smoothing was then conducted on the cortical surface using the HEAT_07 algorithm with an FWHM of 6 mm (SurfSmooth).
For each individual, the four functional runs were prepared for interactive functional connectivity analysis using InstaCorr from AFNI. The VR, ventrorostral; VC, ventrocaudal; DC, dorsocaudal; d, dorsal; v, ventral; a, anterior; p, posterior ; STS, superior temporal sulcus; ProM, proisocortical motor area.
advantage of the InstaCorr software for this analysis was the ability to select a seed region and to immediately display its functional connectivity. The four runs were combined using 3dSetupGroupInCorr on the individual cortical surfaces, which enabled cross-session, interactive functional connectivity analysis on the individual level. Functional connectivity analyses. Functional connectivity was analyzed on the cortical surface using InstaCorr (AFNI) on the cortical surface [SUMA (for Surface Mapper)] using 3dGroupInCorr. This command serves to compute the Fisher's r-to-z transform of the correlation values for each run, then to average across them, and finally output the Fisher's z-to-r transformed averaged correlation values. Because the four runs were acquired independently from each other, averaging the transformed correlation values was preferable to concatenating the runs, which would have rather required normalization procedures. 3dGroupInCorr facilitated this procedure.
Seed regions were selected based on single nodes (specific seed locations described in Results and Fig. 2a) , and mean correlation maps were visualized. For each of the four seed regions, the corresponding statistical map was saved for subsequent cluster-corrected thresholding. Permutation-based cluster-level thresholding was conducted using the AFNI surface-based ␣ probability simulation for the data presented in Figure 2 , b and c [nodewise threshold, r Ͼ 0.283 ( p Ͻ 0.005); cluster-level threshold, p Ͻ 0.05]. Because of differences in the cortical topography across individuals, the precise minimum surface area required for cluster-level significance at p Ͻ 0.05 varied from 139 to 332 mm 2 . For subjects 3 and 5 (Fig. 3c) , a higher nodewise threshold of p Ͻ 0.001 was required for visualizing the results because of the spatially extensive suprathreshold results for these two individuals at p Ͻ 0.005 (cluster-level significance remained at p Ͻ 0.05, resulting in a minimum surface area of 69 and 68 mm 2 ). This difference in individual-level threshold did not affect the group-level thresholding. Group-level analyses were then conducted for each seed region (see Results and Fig. 2b ). Individual surfaces were resampled to consistent group-level nodes using MapIcosahedron with 100 edge divides for linear icosahedron tessellation. Individual-level unthresholded functional connectivity maps were then resampled using SurfToSurf. Statistical maps for each seed region were Fisher's r-to-z transformed and averaged across the six participants. Resultant statistical maps were then thresholded using the same permutation-based cluster-level correction procedure described above with the nodewise threshold of p Ͻ 0.005 and clusterlevel threshold of p Ͻ 0.05 (minimum surface area, 150 mm 2 ). Results were visualized by combining the four thresholded maps on a single surface map. For the individuals (Fig. 2c) , the individual-level pial surfaces were inflated to facilitate viewing within the sulci. White dots indicated the peak of the statistical map and represent the location of the node used as the seed region. Group-level results (Fig. 2b) were presented on both pial and inflated surfaces to emphasize the relationship of the network anatomy to the cortical topography (pial), as well as the respective position of the networks with respect to one another (inflated).
Results
The results are presented in a caudal-to-rostral direction, starting with the primary motor cortical area 4 and moving anterior to prefrontal area 45. Because of the considerable individual variability across brains, the seed was selected on the basis of the local morphology and known relationships of the local morphology to cytoarchitectonic areas. Thus, rather than present mean volume locations in MNI standard stereotaxic space, which would be of limited value given the cortical variability of the location of the areas with respect to the sulci and gyri, we provide a description of how the sulci were used to select the areas of interest. Below is a schematic of the morphology of the ROI, with location of seed regions and anatomical labels: vr, vertical ramus; hr, horizontal ramus; cs, central sulcus; ds, diagonal sulcus; PrG, precentral gyrus; half, horizontal anterior limb of the Sylvian fissure; IFG, inferior frontal gyrus; ifs, inferior frontal sulcus; iprs, inferior precentral; Op, pars opercularis; Tr, pars triangularis; ts, triangular sulcus. b, Group level; peak shown as white dots on the inflated right (RH) and left (LH) hemisphere connectivity maps. c, Individual-level functional connectivity results from six individuals, color coded as in a. Note that, in all cases, there was connectivity with the corresponding homotopic area in the contralateral hemisphere.
Area 4
The seed for the primary motor cortical area 4 was placed in the anterior bank of the central sulcus because we know that the ventral part of this area, which represents the orofacial musculature (Penfield and Boldrey, 1937) , is virtually confined there (Brodmann, 1909; Rademacher et al., 2001 ). The resulting functional connectivity extended along the precentral and postcentral gyri, in some cases restricted to the ventral part (Fig. 2c, case 4) , the adjacent central opercular region (i.e., secondary somatosensory cortex), and the insular cortex. On the medial surface, connectivity was restricted to the motor region of the paracentral lobule and the adjacent supplementary motor area (SMA); however, functional connectivity was also observed to portions of primary and secondary visual cortex. Because no known direct anatomical connections exist, such correlation may be driven by thalamic inputs. The connectivity to the right hemisphere was confined to topographically homotopic areas (Fig. 2b, RH) . This overall connectivity pattern is typical of the core somatomotor region (Vogt and Pandya, 1978; Dum and Strick, 2002).
Area 6VR
The seed for the ventral part of the rostral premotor area 6VR was placed in the anteriormost part of the precentral gyrus, extending into the anterior bank of the inferior precentral gyrus. In other words, the seed was placed in the edge of the ventral precentral region and into the posterior bank of the inferior precentral sulcus. Functional connectivity was observed with the rostralmost portion of inferior parietal lobule, namely the rostral part of the supramarginal gyrus (area PF), but not with the postcentral gyrus (Figs. 1, 2) , clearly distinguishing rostral area 6 from primary motor cortical area 4. In our previous group-level study (Kelly et al., 2010) , although we could demonstrate that area 6VR showed connectivity with area PF, we could not discriminate it from primary motor cortex because of extensive connectivity with the core somatomotor region. Connectivity to the right hemisphere on the group level was to the ventral homologs and the dorsal premotor area. In addition, correlated activity was observed at the boundary of the occipitotemporal region in relation to the ventral anterior occipital sulcus, a sulcus also referred to as the ascending limb of the inferior temporal sulcus (Petrides, 2012 Functional neuroimaging studies have identified this region as the motion processing occipitotemporal region that includes areas MT/MST (Dumoulin et al., 2000) . In the macaque monkey, there is strong evidence that this region is anatomically linked to the frontal eye field (FEF) (Ungerleider and Desimone, 1986), which, in turn, is linked to the dorsal part of 6VR. Therefore, we consider that this connectivity may have been driven indirectly by the connectivity of 6VR with the FEF (Fig. 3) .
Area 44
The seed for area 44 was placed in the center of the pars opercularis, following cytoarchitectonic studies of its location (Amunts et al., 1999) , to avoid the ambiguous borders with area 6VR along the inferior precentral sulcus and with area 45 along the ascending ramus of the Sylvian fissure. The pars opercularis is defined as that part of the inferior frontal gyrus that lies ventral to the inferior frontal sulcus and anterior to the inferior precentral sulcus. Rostrally, it is demarcated from the pars triangularis by the vertical ramus of the Sylvian fissure. Area 44 exhibited no connectivity with the core somatomotor region along the central sulcus, its connectivity being with the supramarginal gyrus (areas PF and PFG) as a whole, but most strongly with the caudal part of the supramarginal gyrus (area PFG). This feature clearly differentiated it from the primary motor cortical region that was connected with the postcentral gyrus but not with the supramarginal gyrus. Although area 6VR shared some aspects of connectivity with area 44, the latter area had stronger connectivity with the caudal part of the supramarginal gyrus, namely area PFG. This finding is consistent with predictions from the macaque monkey data (Petrides and Pandya, 2009 ). The connectivity of area 44 extended to the nearby caudalmost part of the superior temporal gyrus and the adjacent section of the superior temporal sulcus. The connectivity with the more anterior part of the lateral temporal cortex was weak, as would be expected from the macaque monkey studies (Petrides and Pandya, 2009 ). On the lateral frontal lobe, there was connectivity with the part of the middle frontal gyrus that lies immediately dorsal to the pars triangularis. This part of the middle frontal gyrus is occupied by a special type of cortex known as area 9/46v (Petrides and Pandya, 1994) , which has been shown, in the monkey, to be strongly connected with the homologs of areas 44 and PFG. Contralateral connectivity on the group level was specific to the pars opercularis homolog. On the medial surface, the connectivity was with the anterior part of medial area 6 (SMA) at its border with pre-SMA and the cortex adjacent to the cingulate sulcus.
Area 45
The seed for area 45 was placed in the pars triangularis of the inferior frontal gyrus, following architectonic data about its location (Amunts et al., 1999) . We identified the pars triagularis as the part of the inferior frontal gyrus that lies between the vertical and horizontal rami of the Sylvian fissure and that is capped dorsally by the inferior frontal sulcus and anteriorly by the pretriangular sulcus (Petrides, 2012) . The cortex of the pars triangularis is occupied by area 45. Anterodorsally, area 45 is succeeded by area 9/46v when we exit the pars triangularis close to the anteriormost part of the inferior frontal sulcus (Petrides and Pandya, 2002) . We placed the seed in the center of the region of the pars triangularis but ventral enough to avoid any overlap with voxels belonging to either area 9/46v or area 44.
The connectivity of area 45 was strikingly different from that of area 44. Area 45 had strong connections with the angular gyrus (area PG), which lies between the branches of the caudal superior temporal sulcus. Importantly, within the lateral temporal lobe, area 45 exhibited significant connectivity along the entire extent of the superior temporal sulcus and the immediately adjacent parts of the superior and middle temporal gyri. On the medial surface of the hemisphere, the connectivity of area 45 was with cortex anterior to the SMA, involving the pre-SMA region and areas 8 and 9 on the medial surface of the superior frontal gyrus, as well as the posteriorly located central precuneal region [area PGm, located in the middle posterior medial cortex (PMCm); Margulies et al., 2009] . In the dorsolateral frontal lobe, area 45 had connectivity with cortical regions corresponding to areas 8 and 9. In the right hemisphere, connectivity was to the pars triangularis homolog as well as the superior temporal sulcus of the temporal lobe.
Discussion
The present results demonstrated, in the human brain, the unique connectivity profiles of the two areas that comprise Broca's region, namely areas 44 and 45, and also succeeded in differentiating the connectivity of the primary motor cortex (area 4) (which is found in the posterior part of the precentral gyrus along the central sulcus) from the rostral premotor area (area 6VR) at the most anterior part of the precentral gyrus.
Area 45 could be distinguished from all other areas of interest by its strong and unique connectivity with the cortex within the superior temporal sulcus and the immediately adjacent superior and middle temporal gyri. Within the parietal region, area 45 was uniquely connected with the cortex of the angular gyrus, which is found around the caudal branches of the superior temporal sulcus as they invade the caudal inferior parietal region. In contrast, area 44 was connected primarily with the supramarginal gyrus, particularly to its caudal part.
The ventral part of the precentral gyrus (area 6VR) represents the orofacial musculature as shown by the classic electrical stimulation research of Penfield and colleagues (such as Penfield and Boldrey, 1937) and modern functional neuroimaging research (e.g., Martin et al., 2004) . Cytoarchitectonically, the ventral precentral gyrus is divided into the caudal part, which includes the anterior bank of the central sulcus in which area 4 lies and the immediately adjacent caudal area 6 (i.e., 6VC), and the more anterior part in which area 6VR lies and that extends into the posterior bank of the inferior precentral sulcus. Area 6VR on the anteriormost part of the precentral gyrus was strongly linked with the rostral supramarginal gyrus and could be distinguished from the primary motor region, which was connected primarily with the postcentral gyrus (i.e., somatosensory cortex).
Therefore, the results demonstrate that the ventral part of the primary motor cortex, in which the orofacial region is represented (Penfield and Boldrey, 1937; Martin et al., 2004) , is linked with adjacent premotor cortex on the precentral gyrus and somatosensory cortex on the postcentral gyrus, but it has no way of communicating directly with Broca's region, except indirectly via the premotor cortex.
These results provided a level of precision in describing the connectivity of the ventrolateral frontal areas that had not been achieved previously and are consistent with predictions from the gold-standard macaque monkey tract-tracing data (Petrides and Pandya, 2009;  Fig. 1 ). This significant advance in understanding the precise connectivity of these regions in the human brain provides a solid foundation for insights into the cortical organization underlying human language capacity. For instance, the distinct connectivity profiles of the two areas that comprise Broca's region, area 45 on the pars triangularis and area 44 on the pars opercularis, predict major functional differences. There is evi-dence from functional neuroimaging that the two parts of Broca's region play an important role in verbal fluency, with area 44 appearing to play a more important role in phonological fluency (Heim et al., 2008) . In contrast, area 45 is much more involved in active controlled retrieval of information from memory (Petrides et al., 1995; Kostopoulos and Petrides, 2003) . Therefore, it is of interest that a recent functional neuroimaging study has provided strong evidence for phonological processing in the left supramarginal gyrus (which is linked with area 44) but not the left angular gyrus (Church et al., 2011) . In contrast, the left angular gyrus that is linked with area 45 is involved in semantic processing (Binder et al., 2009) and is also involved in reading (Segal and Petrides, 2013) .
Although resting-state functional connectivity can only indicate correlations between areas, there is strong evidence from macaque monkeys that the connections between area 45 and the lateral temporal cortex are made via a newly discovered fasciculus, the temporo-frontal extreme capsule fasciculus (Petrides and Pandya, 1988, 2009) . Diffusion-based tractography has provided evidence for the existence of this pathway also in the human brain (Frey et al., 2008) , although it cannot establish its precise origin in the temporal lobe or its terminations in the ventrolateral frontal region. Recent studies combining functional neuroimaging with diffusion MRI have strongly suggested that the temporal to ventrolateral frontal connections via the extreme capsule fasciculus might be the basis of the ventral language stream underlying semantic processing as opposed to the dorsal stream via the arcuate fasciculus underlying phonological aspects of language processing (Saur et al., 2008) .
Individual-versus group-level analysis
Our previous group-level analysis (Kelly et al., 2010) demonstrated that the ventral premotor cortical area 6VR has a strikingly different connectivity profile from the more anteriorly located Broca's region that includes areas 44 and 45: premotor cortex had a strong somatomotor connectivity profile, including the whole precentral and postcentral gyri and rostral supramarginal, whereas Broca's region was linked with cortex of the inferior parietal lobule. However, this group-level analysis (1) failed to separate the premotor cortex from the primary motor cortex (clearly demonstrated in the macaque monkey studies) and (2) could not separate clearly the connectivity profiles of the two areas that comprise Broca's region, although there were indications of distinct patterns. The macaque monkey data based on the tracing of axonal connections between parietal and temporal cortical areas and the homologs of areas 44 and 45 showed strikingly distinct connectivity profiles. We assumed that, because areas 44 and 45 lie adjacent to each other on the pars opercularis and pars triangularis, respectively, and the morphology of these two parts varies considerably in MNI standard space, our attempt in the group-level analysis to outline and label all the voxels that constitute these two areas must have inevitably included many misclassified voxels at the borders of these areas, limiting the specificity of the demonstrated connections.
The axonal connection studies in the macaque monkey demonstrated unambiguously that area 44 has connections primarily with area PFG, whereas area 45 has connections with area PG (Petrides and Pandya, 2009) . The individual-level results presented here succeeded in clearly demonstrating in the human brain the strong connectivity of area 44 with PFG (caudal supramarginal gyrus) and of area 45 with area PG (angular gyrus).
Furthermore, the macaque monkey studies showed another striking difference between area 45 and area 44: area 45 has massive connections with the lateral temporal cortex, along the superior temporal sulcus, whereas area 44 has moderate connections with the temporal region and focused on its posterior part. Our previous group-level analyses (Kelly et al., 2010) required ROI analyses to derive a relatively minor difference in connectivity with lateral temporal cortex between areas 45 and 44, but the individual-level analysis demonstrates this difference clearly.
A significant difference in the current method was that, instead of attempting to label all voxels with the inevitable misclassification at the borders of areas, we placed the seed voxel at the heart of each area using available anatomical knowledge of its location. The specificity of these differential results also suggests that the surface-based spatial smoothing and analysis and the coregistration after functional connectivity analysis (which minimizes the confound of intersubject anatomical variability) are significant factors. Notably, no connectivity was observed in the superior temporal gyrus from adjacent regions in the upper bank of the lateral fissure that virtually touch it, in contrast to results from our group-level study (Kelly et al., 2010) , again suggesting improved anatomical registration.
Interhemispheric homologs
Although cytoarchitectonically defined areas 45 and 44 are mostly topographically consistent with the anatomical landmarks of the ventrolateral prefrontal cortex in the left hemisphere, they are more difficult to localize in the right hemisphere. Across all four areas, we observed functionally connected contralateral homologs on the group level that correspond to the precise anatomical locations of these regions (Fig. 2b, RH) . Although intrinsic functional connectivity has been demonstrated to have substantial interhemispheric homotopy (Stark et al., 2008; Jo et al., 2012) , previous clustering results across 1000 datasets demonstrated substantial lower clustering confidence in borders along the ventrolateral frontal cortex-an observation that was even more prominent in the right hemisphere (Yeo et al., 2011) .
Distinct medial wall connectivity
We found previously distinct functional connectivity to areas of the medial wall, organized in a caudal-rostral gradient (Kelly et al., 2010) , and diffusion MRI-based tractography also supports this organization (Ford et al., 2010) . Although the medial connectivity of area 6VR did not exceed the threshold on the group level, the individual-level patterns demonstrated this caudal-rostral gradient, mirroring the lateral ordering. Even in the absence of significant connectivity from any single area, the basic topological relationships were maintained.
Conclusions
The current study demonstrates that neuroanatomical questions can potentially be answered with a high degree of precision on the individual level using resting-state fMRI data. These findings support additional use of individual-level analyses in addressing anatomical questions and also demonstrate the feasibility of this approach for clinical applications (e.g., neurosurgical planning), which inevitably require answers at the individual level. For instance, in situations that require the investigator to identify areas 44 and 45, resting-state functional connectivity can be used to separate them through their distinct parietal and temporal connectional fingerprints.
Notes
Supplemental material for this article, which consists of scripts used for preprocessing of the data, is available at https://github.com/Neuroanatomy
